IMPROVED WEAR RESISTANCE IN 
CARBON FIBER FRICTION MATERIALS 

BACKGROUND OF THE INVENTION 
[OOOl] This application claims priority under 35 USC §120 to 
5 application Serial No. 10/036,793, which was filed on November 8, 

2001 , the entire contents of which are hereby expressly incorporated by 
reference. This application also claims priority, under 35 USC §1 19(e), to 
provisional application 60/282,428, which was filed on April 9, 2001, the 
entire contents of which are hereby expressly incorporated by reference. 

10 FIELD OF THE INVENTION 

[0002] This invention relates to fibrous substrates useful in the 
manufacture of carbon fiber/carbon matrix composites, and to carbon 
fiber/carbon matrix composites manufactured therefrom. Representative 
of such composites are aircraft and high performance automotive brake 

15 discs made by depositing carbon matrices on carbon fiber substrates of 
this invention and subsequently carbonizing the combinations to provide 
carbon matrices that are reinforced with carbon fibers. 

RELATED ART 

[0003] Many advances have been made over the years in the art 

20 relating to brake discs. 

[0004] US 5,388,320 describes the manufacture of carbonizable 
needle-punched filamentary structures (typically, annular performs) made 
up of layers of unidirectional filaments and staple fibers. These structures 
can be used to make shaped articles (typically, brake discs) of carbon 

25 reinforced with carbon fibers. As taught in column 7 of the patent, some 
of the arc segments used to make up the structures are cut in such a way 
that the majority of the filaments extend substantially radially of the 
eventual annulus, while others are cut so that the majority of the 
filaments extend substantially chordally of the annulus. The former 

30 segments have greater dimensional stability in the radial direction and the 
latter s gments have greater dimensional stability in the chordal direction. 



[0005] US 5,546,880 describes fibrous substrates for the product of 
carbon fiber reinforced composites comprising multilayered annular 
shaped fibrous structures, suitable for use in the manufacture of friction 
discs, made from multidirectional fabric, that is, fabric having filaments or 
5 fibers extending in at least two directions. 

[0006] The present invention involves the recognition that, in carbon 
fiber composite friction linings, the orientation of the fiber at the friction 
surface plays a major role in the wear characteristics of the material. 
When fibers of opposing direction on the friction surfaces slide against 

10 each other, mechanical wear takes place and the fiber bundles are torn 
form the friction surface. This fiber pull-out leads to breakdown of the 
surrounding matrix of carbon. As more areas of fiber pull-out occur on 
the friction surface, the matrix surrounding these fibers also breaks down 
to fill the voids created. This results in a reduction in the overall 

15 thickness of the frictional material. 

SUMMARY OF THE INVENTION 
[0007] This invention addresses the need of both brake 
manufacturers and their customers, by increasing the field life (via 
reduction of the wear rate) of carbon fiber friction materials and thereby 

20 reducing the cost of ownership. 

[0008] Methods for manufacturing annular preforms made from 
tows of oxidized polyacrylonitrile continuous filaments are described in US 
5,388,320, the entire contents of which are hereby expressly 
incorporated by reference. In the new preform technology of the present 

25 invention, fiber orientation in the preform is in the radial direction. This 
means that the continuous fibers run mainly from the inner diameter to 
the outer diameter of the annular disc. By orienting the fibers in this 
fashion, fiber pull-out is minimized, thereby reducing mechanical wear. 
Testing has shown that by using this preform fiber architecture, wear 
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rates can be reduced up to 40 percent while maintaining disc strength and 
integrity. 

[0009] One embodiment of this invention is a carbon fiber brake 
preform comprising an annular disc built up of fabric arc segments 
5 composed of from 90 to 70 weight-% continuous fibers and from 1 0 to 
30 weight-% staple fibers. A typical annular disc of this invention may, 
for instance, be composed of 85 weight-% continuous fibers and 1 5 
weight-% staple fibers. Preferably, both the continuous fibers and the 
staple fiber are oxidized polyacrylonitrile fibers. In this preform, at least 

10 80% of the continuous fibers in the fabric segments are arranged to be 
located within 60° of radially from th e inner diameter to the outer 
diameter of the annular disc. Thus, for instance, the fabric arc segments 
may be arranged with substantially all of their continuous fibers oriented 
in the radial direction and parallel to the segment arc bisector, or the 

15 fabric arc segments may be arranged in alternating layers in which, 

respectively, approximately half of their continuous fibers are oriented at a 
+ 45 degree angle with respect to the segment arc bisector and 
approximately half of their continuous fibers are oriented at a -45 degree 
angle with respect to the segment arc bisector. 

20 [OOIO] Another embodiment of this invention is a method for making 
a preform composite. The method includes the steps of: a.) providing a 
needle-punched nonwoven fabric comprising a major portion of 
unidirectional continuous fiber and a minor portion of staple fiber; b.) 
making from this fabric a plurality of segments having the outside 

25 diameter and the inside diameter of the preform to be manufactured from 
the fabric; c.) arranging the segments in a multilayered intermediate to a 
weight and dimension calculated to provide a desired preform density for 
the application; d.) heating the multilayered intermediate to a temperature 
above 1 500°C in an inert atmospher e for an amount of time sufficient to 

30 convert the fibers to carbon; and e.) densifying the carbonized product by 
carbon deposition to the desired preform density. The segments may b 



arranged in step c.) with their continuous fib rs oriented in the radial 
direction and parallel to the segment arc bisector or in alternating layers in 
which their continuous fibers are oriented alternatively at a +45 degree 
angle with respect to the segment arc bisector and at a -45 degree angle 
with respect to the segment arc bisector. The carbonized product may be 
densified in step e.) using Chemical Vapor Infiltration/Chemical Vapor 
Deposition. A typical density for a finished disc produced by this method 
is in the range 1 .70-1 .80 g/cc. 

[0011] Still another embodiment of this invention is a method of 
reducing wear in an annular brake disc which comprises manufacturing 
said disc from preforms reinforced with a plurality of continuous fibers in 
which at least about 80% of the continuous fibers are aligned in a 
generally radial manner, for instance within 60° of the r adii of the 
annular brake disc. In two specific cases, the continuous fibers are 
located on the radii of the annular brake disc or the continuous fibers are 
located at angles of 45° from the r adii of said annular brake disc. Using 
this method, wear of the brake disc may be reduced, for example, by 
25% or more compared to wear of an otherwise comparable brake disc 
made from preforms in which half of the continuous fibers are located 
outside of the 1 20° arcs bis ected by the radii of each of the preform 
segments. 

[0012] This invention also provides a carbon fiber brake preform 

comprising an annular disc built up of a plurality of annular fabric arc 
segments composed of unidirectional continuous fibers and staple fibers, 
wherein each of said annular segments has radial directions oriented from 
the center of the annulus to points on its outer diameter and wherein the 
radial direction that passes through the center of the segment outer 
diameter constitutes a segment arc bisector. In this aspect of the present 
invention, the improv ment comprises arranging said fabric segments with 
the continuous fibers in said fabric segments oriented in the radial 
direction and parallel to the segment arc bisectors. In other words, this 



invention provides a shaped fibrous (e.g., OPAN) fabric structure having 
an annular disc configuration and being formed of multiple, successively- 
stacked layers of abutting fabric arc segments composed of continuous 
fibers and staple fibers, said fabric arc segment layers being 
interconnected by at least a portion of said staple fibers, wherein each of 
said annular segments has radial directions oriented from the center of the 
annulus to points on its outer diameter and wherein the radial direction 
that passes through the center of the segment outer diameter constitutes 
a segment arc bisector, and wherein the continuous fibers in said fabric 
segments are oriented in the radial direction and parallel to the segment 
arc bisectors. These preform composites may be made by: a.) providing a 
needle-punched nonwoven fabric comprising a major portion of 
unidirectional continuous fiber tow and a minor portion of staple fiber 
web, b.) making from said fabric a plurality of segments having the 
continuous fibers oriented in said fabric segments in the radial direction 
and parallel to segment arc bisectors of said fabric segments, c.) 
arranging said segments to provide a multilayered intermediate having a 
weight and dimension calculated to provide a desired preform density for 
the application, d.) heating said multilayered intermediate to a temperature 
above 1 500°C in an inert atmospher e to convert the fibers to carbon, 
and e.) densifying the carbonized product by carbon deposition to the 
desired preform density. 

[0013] Wear in an annular brake disc may be reduced by 
manufacturing said disc from a preform made by the method described 
above. This aspect of the invention provides a reduction in wear of the 
brake disc by 40% while maintaining disc strength and integrity. 
[0014] Finally, this invention provides a shaped fibrous fabric 
structure having an annular disc configuration and being formed of 
multiple, successively-stacked layers of abutting fabric arc segments 
composed of from 90 to 70 weight-% continuous fibers and from 1 0 to 
30 weight-% staple fibers, the fabric arc segment layers being 
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interconnected by at least a portion of the staple fibers, wherein at least 
80% of the continuous fibers in the fabric arc segments are located 
within 60° of radially from the inn er diameter to the outer diameter of 
the annular disc. The fabric arc segments may be arranged with their 
5 continuous fibers oriented in the radial direction and parallel to the 
segment arc bisector, or they may be arranged in alternating layers in 
which their continuous fibers are oriented alternatively at a +45 degree 
angle with respect to the segment arc bisector and at a -45 degree angle 
with respect to the segment arc bisector. 

10 [0015] Implementation of these new fiber preform architectures 
(radial and + /- 45°) en ables the brake manufacturer to produce fewer 
friction linings to meet existing airline requirements. In addition, the brake 
manufacturer will be able to meet increasing demand without further 
capital investment by utilizing the excess production capacity created by 

15 this technology. 

[0016] Additional advantages of the present invention will become 
more apparent from the detailed description given hereinafter. However, 
it should be understood that the detailed description and specific 
examples, while indicating preferred embodiments of the invention, are 

20 given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 [0017] The drawings that accompany this application are presented 
by way of illustration only, and do not limit the scope of the present 
invention. 

[0018] Figures 1 A and 1 B are top plan views of two different fabric 
segment orientations that may be used in accordance with the present 
30 invention. Figure 1 C is a top plan view of prior art fabric segment 
orientations. 
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[0019] Figure 2 illustrates, in a schematic perspective view, a 
pr form of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0020] Figures 1 A and 1 B illustrate preform fabric segments that 
5 may be used according to the present invention, while Figure 1 C 

illustrates prior art preform segments such as those shown in Figure 5 of 
US 5,388,320. In all of these Figures, the fields of horizontal lines 
represent continuous fibers. Figure 1 A depicts a fabric segment in which 
a continuous fiber is situated in the radius of a segment, while Figure 1 B 

10 depicts fabric segments oriented such that their radii describe an angle of 
45° with respect to the dir ection of the continuous fibers in the fabric. 
Figure 1 C, which is illustrative of the prior art, includes a fabric segment 
having its continuous fibers oriented in the radial direction and parallel to 
the segment arc bisector as well as a fabric segment oriented such that 

15 its radius describes an angle of 90° with respe ct to the direction of the 
continuous fibers in the fabric. Conventionally, performs are made up 
with both types of fabric segments, as shown in Figure 6 of US 
5,388,320. Such constructions result in composites which are subject to 
greater frictional wear than are similar composites manufactured in 

20 accordance with the present invention. 
THE FABRIC 

[0021] The following process may be used to manufacture fabric 
segments in accordance with the present invention. A carded web is 
crosslapped to achieve a N desired areal weight, and then needle punched 

25 to form a staple fiber web fabric. The staple fiber web could alternatively 
be formed by airlaying the staple fibers. Separately, large continuous 
tows are spread, using a creel, to form a sheet of the desired areal 
weight. The sheet is processed through a needle loom to impart integrity 
to the continuous fiber fabric. This fabric is known as a continuous tow 

30 fabric. Then the staple fiber web is needle punched into the continuous 
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tow fabric to form what is called a duplex fabric. The +45°, -45°, and 
radial segments used in accordance with the pr sent invention are cut 
from the duplex fabric. 

[0022] One aspect of this invention is manufacturing the preform 
5 from segments that have been cut from nonwoven fabric composed 

mainly of unidirectional continuous fiber. The nonwoven fabric will also 
contain a minor but significant percentage (typically, from 1 0 to 30 
weight-%) of staple fiber, which provides structural integrity upon needle- 
punching. Excellent results may be obtained with a fabric made up, for 

10 example, of 85 weight-% unidirectional continuous fiber and 1 5 weight-% 
staple fiber. Generally, the fabric is composed of a carded needled 
punched staple web which has been needled to a layer of needle punched 
continuous tow. The resulting fabric is known as a duplex fabric. 
[0023] The fiber used to produce this nonwoven fabric must be of a 

15 carbonaceous nature. Oxidized polyacrylonitrile (OPAN) fiber is 
particularly preferred, although other conventional fibers including 
thermoset pitch fibers, unoxidized polyacrylontrile fibers, carbon fibers, 
graphite fibers, ceramic fibers, and mixtures thereof, may be used. In 
accordance with the present invention, the fiber is used as a strand of 

20 continuous filaments, generally referred to as a "tow". The staple fiber 
used in this invention may be selected from the same types of fibers as 
the continuous fiber. It need not necessarily be the same as the 
continuous fiber. However, OPAN fiber is preferred for the staple fiber 
too. 

25 [0024] In implementing the present invention, segments having a 
segment arc of, for example, 68 degrees are cut from the fabric sheet, 
with the segment having the outside diameter and the inside diameter of 
the preform to be manufactured. Sixty-eight degree arcs are preferred, 
since this arc dimension minimizes butt joint overlap within the parts 

30 being manufactur d. However, other arc dimensions may be used if 
desired. 
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[0025] The inside and outside diameters of the arc segments are 
chosen based upon the preform to be manufactured. For instance, rotor 
preforms can be manufactured from segments having an inside radius of 
5.5 inches and an outside radius of 10.5 inches. Stator preforms can be 
5 manufactured from segments having an inside radius of 4.875 inches and 
an outside radius of 9.75 inches. Those skilled in the art will have no 
difficulty in setting the appropriate inside and outside diameters for the 
specific preform type to be manufactured. 

[0026] These segments are then needled together following a helical 
10 lay-up pattern to a specified weight and dimension, based upon the 
desired preform density for the application. The fabric layers are 
interlocked by the staple fibers, which are transported by the needles into 
the z-direction. 

NEEDLING 

15 [0027] Needling may be carried out with an annular needling 

machine such as that described in US 5,388,320, the entire disclosure of 
which is hereby expressly incorporated by reference. Annular needling is 
the process of continuously placing individual fabric segments (one at a 
time) onto a rotating closed cell polymeric foam ring having the inside 

20 diameter and outside diameter of the desired annular shape to which the 
segments are needled. One example of such a ring has an inside diameter 
of 10 inches and an outside diameter of 20 inches. However, those 
skilled in the art will appreciate that such dimensions can be varied 
widely, depending upon the shape to be manufactured. The segments are 

25 laid end to end and are needled together following a helical lay-up pattern 
to a desired weight and dimension. 

[0028] The foam ring base provides the rigid structure on which the 
first few layers of segments are needled. The needles penetrate through 
the layers of fabric and into the foam ring. These segments layers are 
30 mechanically bonded to the foam ring as z-direction fibers (mainly the 
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staple fibers) are transported through the fabric layers into the foam. This 
provides the integrity needed to assemble the subsequent layers of 
segments as the structure is manufactured. As the layers of segments 
are built, the segments are no longer needled into the foam ring but into 
the previous layers of segments by mechanically interlocking fiber bundles 
between the fabric layers. 

PREFORMS 

[0029] This layer needling process forms a thick annular ring called a 
preform. As the preform grows in thickness, it is lowered to maintain the 
same needle penetration depth from layer to layer. The resultant preform 
is composed of many layers of segments that are mechanically bonded 
together during the needling process. Typical preforms are made up of 
from 1 5 to 35 layers. However, those skilled in the art will appreciate 
that fewer or many more layers may be used, depending upon the shape 
to be manufactured. The foam ring is removed at the end of the 
preforming process. A resulting preform (20) is depicted in Figure 2, 
made up of multiple segments (21) each having a thickness (28). In 
Figure 2, the segments are characterized by radial tow (25). They are 
joined to segment layers above and below by staple fibers (26) that have 
been needled into the z-direction (that is, perpendicular to the planes of 
the segments). 

[0030] Two preform architectures using this new concept of radially 
oriented fibers at the friction surface have been manufactured in 
accordance with the present invention. One preform architecture of this 
invention provides segments in which the continuous fibers are oriented 
parallel to the segment arc bisectors. These segments are referred to as 
radial segments, and are depicted in Figure 1 A. The other preform 
architecture of this invention provides preforms manufactured from 
alternating layers of fabric segments that are angled - within a spe cified 
range - with resp ect to the continuous fibers derived from the uni- 



directional tow. Figure 1 B illustrates +45 degree fiber oriented segments 
and -45 degree fiber oriented segments. The "-45" degree fiber oriented 
segments used in accordance with this invention can be made by 
changing the die cut angle, as shown in Figure 1 B, or simply by inverting 
" + 45" degree segments. 

[0031] The first preform architecture is manufactured from 
segments with all of the continuous fibers oriented in the radial direction. 
This means that the unidirectional tow fibers run parallel to the segment 
arc bisector. In combination with the, e.g., 68 degree arc of the 
segment, the bias from layer to layer of the preform is set to inhibit linear 
faults forming along the fiber length in the radial direction. 
[0032] The second preform architecture is manufactured using two 
different segment types. In the first segment type, the unidirectional tow 
fibers run at a +45 degree angle to the segment arc bisector and in the 
second segment type, the unidirectional tow fibers run at a -45 degree 
angle to the segment arc bisector. The segment lay-up for this preform 
follows a +/- 45 degree orientation. This lay-up pattern is repeated 
throughout the layering of the preform. This preform architecture 
provides a more desirable bias from layer to layer to improve overall 
mechanical properties of the composite disc. 

[0033] The preforms manufactured from these architectures are 
heat-treated to a very high temperature, for instance to above 1 500°C, 
in an inert atmosphere to convert the fibers to carbon. The precise 
temperature and length of time can be varied widely, so long as it 
provides carbonization of the fibers in the preform. The preforms are then 
densified using conventional processes to deposit carbon matrices in the 
fibrous preform substrates. 

DENSIFICATION 

[0034] Deposition of carbon on the substrate is effected by in situ 
cracking of a carbon bearing gas. This process is referred to as Carbon 
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Vapor Deposition (CVD) or Carbon Vapor Infiltration (CVI) - these terms 
are int rchangeable for purposes of the present invention. Alternatively, 
the substrate can be repeatedly impregnated with liquid pitch or carbon 
bearing resin and thereafter charring the resin. 

[0035] Carbon vapor infiltration and deposition (CVI/CVD) is a well 
known process for depositing a binding matrix within a porous structure. 
The terminology "carbon vapor deposition" (CVD) generally implies 
deposition of a surface coating, but the term is also used to refer to 
infiltration and deposition of a matrix within a porous structure. As used 
herein, the terminology CVI/CVD is intended to refer to infiltration and 
deposition of a matrix within a porous structure. The technique is 
particularly suitable for fabricating high temperature structural composites 
by depositing a carbonaceous or ceramic matrix within a carbonaceous or 
ceramic porous structure. These composites are particularly useful in 
structures such as carbon/carbon aircraft brake discs, and ceramic 
combustor or turbine components. The generally known CVI/CVD 
processes may be classified into four general categories: isothermal, 
thermal gradient, pressure gradient, and pulsed flow. 
[0036] In an isothermal CVI/CVD process, a reactant gas passes 
around a heated porous structure at absolute pressures as low as a few 
millitorr. The gas diffuses into the porous structure driven by 
concentration gradients and cracks to deposit a binding matrix. This 
process is also known as "conventional" CVI/CVD. The porous structure 
is heated to a more or less uniform temperature, hence the term 
"isothermal," but this is actually a misnomer. Some variations in 
temperature within the porous structure are inevitable due to uneven 
heating (essentially unavoidable in most furnaces), cooling of some 
portions due to reactant gas flow, and heating or cooling of other portions 
due to heat of reaction effects. In essence, "isothermal" means that 
there is no attempt to induce a thermal gradient that preferentially affects 
deposition of a binding matrix. This process is well suited for 
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simultaneously densifylng large quantities of porous articles and is 
particularly suited for making carbon/carbon brake discs. 
[0037] In a thermal gradient CVI/CVD process, a porous structure is 
heated in a manner that generates steep thermal gradients which induce 
deposition in a portion of the porous structure. The thermal gradients 
may be induced by heating only one surface of a porous structure, for 
example by placing a porous structure surface against a susceptor wall, 
and may be enhanced by cooling an opposing surface, for example by 
placing the opposing surface of the porous structure against a liquid 
cooled wall. Deposition of the binding matrix progresses from the hot 
surface to the cold surface. 

[0038] In a pressure gradient CVI/CVD process, the reactant gas is 
forced to flow through the porous structure by inducing a pressure 
gradient from one surface of the porous structure to an opposing surface 
of the porous structure. Flow rate of the reactant gas is greatly increased 
relative to the isothermal and thermal gradient processes, which results in 
increased deposition rate of the binding matrix. This process is also 
known as "forced-flow" CVI/CVD. An annular porous wall may be 
formed, using this process, from a multitude of stacked annular discs (for 
making brake discs) or as a unitary tubular structure. 
[0039] Finally, pulsed flow CVI/CVD involves rapidly and cyclically 
filling and evacuating a chamber containing the heated porous structure 
with the reactant gas. The cyclical action forces the reactant gas to 
infiltrate the porous structure and also forces removal of the cracked 
reactant gas by-products from the porous structure. 
[0040] In all of these variants of the CVI/CVD process, carbon 
deposition is continued until a preset density is achieved for the friction 
material application. Following the densification process, a final heat 
treatment may be performed to set the thermal, mechanical, and frictional 
properties desired for the composite. 
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EXAMPLES 
Example 1 

[0041] A preform is manufactured totally from segments in which 
the continuous fibers are oriented parallel to the segment arc bisector. 
These segments are referred to as radial segments, and are depicted in 
Figure 1 . Needling is carried out with a conventional annular needling 
machine. Individual fabric segments are placed one at a time onto a 
rotating closed cell polymeric foam ring having the inside diameter and 
outside diameter of the annular shape of the preform being manufactured. 
The segments are laid end to end and needled together following a helical 
lay-up pattern to a desired weight and dimension. As the preform grows 
in thickness, it is lowered to maintain the same needle penetration depth 
from layer to layer. The resultant preform is composed of many layers of 
segments that are mechanically bonded together during the needling 
process. The foam ring is removed at the end of the performing process. 
The resulting preform is depicted schematically in Figure 2. 

Example 2 

[0042] A preform was manufactured from alternating layers of +45 
degree fiber oriented segments and -45 degree fiber oriented segments. 
An oxidized polyacrylonitrile fiber sold under the trade name Panox by 
SGL was used for both the continuous fiber and the staple fiber. The 
fabric was a duplex fabric composed of a carded needle punched staple 
web which had been needled to a layer of needle punched continuous 
tow. Segment thickness in the free stage form before the preform 
assembly needling process was 3-4 mm. Two different size segments 
were used in the manufacture of the preforms of this Example. Rotor 
preforms were manufactured from segments having an inside radius of 
5.5 inches and on outside radius of 10.5 inches. Stator preforms were 
manufactured from segments having an inside radius of 4.875 inches and 
an outside radius of 975 inches. Both segments types were 
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manufactured using the 68 degree arc. The number of segment layers in 
the preforms used in this Example ranged form 26 to 32. These 
segments were derived from +45 degree and -45,degree s egments like 
those depicted in Figure 1 B. In this embodiment of the invention, the 
5 continuous fibers were at a +45 degree fiber angle to the segment arc 
bisector in half of the layers of the preform, and each of the +45 degree 
segment layers was separated from other + 45 degree segment layers by 
a -45 degree segment layer. The -45 orientation was achieved by 
inverting +45 degree segments. 

10 [0043] Needling was carried out with a conventional annular 

needling machine. Individual fabric segments were placed one at a time 
onto a rotating closed cell polymeric foam ring having the inside diameter 
and outside diameter of the annular shape of the preform being 
manufactured. The segments were laid end to end and needled together 

15 following a helical lay-up pattern to a desired weight and dimension. As 
the preform grew in thickness, it was lowered to maintain the same 
needle penetration depth from layer to layer. The resultant preform was 
composed of many layers of segments that are mechanically bonded 
together during the needling process. The foam ring was removed at the 

20 end of the preforming process. The resulting preform is depicted 
schematically in Figure 2. 

[0044] The preforms manufactured from these architectures were 
heat-treated to a approximately 1 500°C, in an in ert atmosphere, to 
convert the fibers to carbon. The performs were then densified with a 
25 mixed hydrocarbon gas, using a forced flow CVI/CVD process to deposit 
carbon matrices in the fibrous preform substrates. Finally, the densified 
preforms were heated again to above 1 500°C to set desired therm al, 
mechanical, and frictional properties for the composite. 

Example 3 
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[0045] Full size aircraft brake discs were made following the + /- 45 
degree architecture procedur of Exampl 2. The discs were configured 
in standard B767-300 geometry. The full scale brake was of a four rotor 
configuration. That is, the brake was composed of 4 rotors, 3 stators, 1 
pressure plate, and 1 backing plate. The approximate dimensions of the 
components were as follows: 



Brake part 


Outside Diameter 
(inches) 


Inside Diameter 
(inches) 


Thickness 
(inches) 


Rotor 


18.13 


11.00 


1.06 


Stator 


16.75 


10.00 


1.06 


Pressure plate 


16.75 


10.00 


0.97 


Backing plate 


16.75 


11.00 


0.80 



10 



15 



20 



25 



[0046] These discs were subjected to a Wear test designed to mimic 
a standard commercial aircraft usage spectrum, including cold taxi stops 
(representing pre-takeoff taxi stops), a landing stop, and a series of hot 
taxi stops (representing post-landing taxi stops as the aircraft approaches 
the gate). Wear test landing energies are distributed between various 
energy levels representing the variations in aircraft loadings which occur 
in actual commercial service. 
[0047] The Wear test was run as follows: 

Sequence #1 - nine c old taxis, 50% service energy (1.463 Mft- 
Ibs) landing stop, eight hot taxis. (Sequence repeated 1 20 times.) 
Sequence #2 - nine c old taxis, 75% service energy (2.1 94 Mft- 
Ibs) landing stop, seven hot taxis. (Sequence repeated 60 times.) 
Sequence #3 - nine c old taxis, 100% service energy (2.925 Mft- 
Ibs) landing stop, seven hot taxis. (Sequence repeated 20 times.) 
[0048] Each test was run once in a Single Rotor Brake configuration 
and once in a Full Brake configuration. For the Single Rotor Brake test, 
the resulting wear was only 84 micro-inches/surface/sequence, and for 
the Full Brak test, the resulting wear was only 92 micro- 
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inches/surface/sequence. In comparison, conventional B767 brake discs 
show a wear in these tests of 1 54 micro-inches/surface/sequence. 
[0049] It is to be understood that the foregoing description and 
specific embodiments are merely illustrative of the principles of the 
invention. Modifications and additions to the invention may easily be 
made by those skilled in the art without departing from the spirit and 
scope of the invention as it is recapitulated in the appended claims. 



